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Studies of a Highly Sensitive Method for Analysis of Pesticides in Raw Water by
Solid Phase Extraction and PTV-GC/MS/MS

Tatsuhiko KAWAMOTO*, Miho YANO and Takao MITSUHASHI

Life Science Division, Public Health Science Research Center, Hyogo Prefectural Institute of
Public Health and Consumer Sciences, 2-1-29, Arata-cho, Hyogo-ku, Kobe 652-0032, Japan

We have established a highly sensitive method for analyzing the concentration of 71 pesticides in raw water by solid

phase extraction and PTV-GC/MS/MS. In order to evaluate the analytical method, we conducted recovery experiments

from distilled water and river water samples using a PS-2 and AC-2 column. The recovery rate were greater than 70%

and the coefficient of variance were under 10%. The determination limits by this method were a range from 0.002 1 g/L to

0.1 ¢ g/L, and 1/100 of target values can be measured for 71 pesticides. Furthermore, we conducted a water-quality test

using this method for 30 water samples collected from 15 monitoring points in the Hyogo Prefecture. The results

indicated that the concentrations of Bromobutide, Chloroneb, Flutolanil, Propyzamide, Pyroquilon are over a range from

N.D. to 0.250, N.D. to 0.068, N.D. to 0.010, N.D. to 0.016, N.D. to 0.026 u g/L, respectively. However, the detection of

Bromobutide and Chloroneb in water sources were a significantly high rate of 10%.
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Table 1 List of 71 investigated pesticides

No. Pesticides No. Pesticides No. Pesticides

1 Dichlorovos 26 Metalaxyl 51 CNP-amino
2 Dichlobenil 27 Dithiopyr 52 Buprofezin
3 Etridiazole 28 Fenitrothion 53 Isoxathion
4 Trichlorofon 29 Esprocarb 54 B-Endosulfan(ID)
5 Chloroneb 30 Malathion 55 Mepronil
6 Isoprocarb 31 Chlorpyriphos 56 Chlornitrofen(CNP)
7 Molinate 32 Thiobencarb 57 Edifenphos(EDDP)
8 Fenobucarb 33 Fenthion 58 Endosulfan-sulphate
9 Trifluralin 34 Fthalide 59-1 Propiconazole-1

10 Benfluralin 35 Pendimethalin 59-2 Propiconazole-2

11 Pencycuron 36 Fipronil 60 Thenylchlor

12 Dimethoate 37 Dimethametryn 61 Pyributycarb

13 Simazine 38 Isofenphos 62 Pyridaphenthion

14 Atrazine 39 Methyldymron 63 Iprodione

15 Propyzamide 40 Captan 64 EPN

16 Pyroquilon 41 Phenthoate 65 Piperophos

17 Chlorothalonil 42 Procymidone 66 Anilofos

18 Diazinon 43 Dimepiperate 67 Bifenox

19 Disulfoton 44 Methidathion 68 Pyriproxyfen

20 Iprobenfos 45 a-Endosulfan(I) 69 Mefenacet

21 Bromobutide 46 Butamifos 70 Cafenstrole

22 Terbucarb 47 Napropamide 71 Ethofenprox

23 Tolclofos-methyl 48 Flutolanil

24 Alachlor 49 Pretilachlor

25 Simetryn 50 Isoprothiolane

Sample (500mL)

Solid phase column
Conditioning [PS-2+AC-2]

1. PS-2: Methylene chloride SmL
AC-2: Acetone SmL

2. PS-2: Methanol SmL
AC-2: IN HCI 5mL

3. Purified water SmL

i"-S(')ﬁd'ﬁ;;e extraction -i
’

. (flow rate: 10mL/min) _§

Purified water 10mL
Vacuum (30min)

1. PS-2: Methylene chloride SmL
2. AC-2: Acetone 5SmL

Concentration
1. Hexane 0.5mL
2. Internal standard solution S5pL

GC/MS/MS

Fig.1 Analytical procedures for pesticides
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Fig.2 Location of sampling points in Hyogo Prefecture

Table 2 GC/MS/MS operation conditions

[GC]
Injection mode: PTV (40°C—0.05min—40°C—10°C/min—280°C
—10.00min—280°C)
Injection volume: 5ulL
Column: DB-5MS (30m x 0.25mm, 0.25nm df)
Oven: 40°C—3.00min—40°C—25°C/min—125°C—10°C/min—
280°C—5.00min—280°C

[MS/MS]

Tonization mode: EI positive ion, Emission current: 50pA
Ton source temperature: 220°C

Scan type: SRM, Scan width: 0.002a.m.u. Scan time: 0.01s,
Peak width: Q1, 0.7Da

Q3, 0.7Da FWHM, Collision gas: Ar, pressure: 1.2 m Torr

n=3) ®H5HZ LN TE.

1.2 PTV G&hoft

BN SRR N Y 7 LR RS L OMREE D 7 v
V= b7 = EOGHIC OIS ATRER SR L LT, F
FHODOBEROEET L, A h T biEE RERIEANEG
uLEN) oG5t E Lz (Table 2).
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Table 3 Retention times, SRM conditions, linearity, calibration range, LOQ and Target valu
of each individual pesticide

. .y Precursor Product Collision Range LOQ Target value
No.  Pesticides R (min) ion (m/z) jon (m/z) energy 6V)  © (ng/L) (ug/L) (ng/L)
1 Dichlorovos 7.70 185.0 93.0 12 0.9997 1-100 0.05 8
2 Dichlobenil 8.40 171.0 136.0 15 0.9994 1-100 0.01 10
3 Etridiazole 9.35 212.9 184.9 10 0.9992 1-100 0.01 4
4 Trichlorofon 9.61 109.0 79.0 8 0.9990 5- 50 0.05 30
5 Chloroneb 9.88 206.0 191.0 11 0.9995 1-100 0.02 50
6 Isoprocarb 10.20 136.1 121.1 10 0.9995 1-100 0.05 10
7 Molinate 10.24 187.1 126.1 10 0.9997 1-100 0.003 5
8 Fenobucarb 10.87 150.1 121.1 10 0.9995 1-100 0.01 30
9 Trifluralin 11.46 306.1 264.1 8 0.9991 1-100 0.01 60
10 Benfluralin 11.52 292.1 264.1 8 0.9995 1-100 0.01 80
11 Pencycuron 11.76 180.1 125.1 12 0.9993 1-100 0.1 40
12 Dimethoate 12.06 125.0 79.0 15 0.9990 5- 50 0.01 50
13 Simazine 12.22 201.1 172.1 11 0.9992 1-100 0.004 3
14 Atrazine 12.31 215.1 200.1 10 0.9991 1-100 0.05 10
15 Propyzamide 12.60 254.0 226.0 15 0.9992 1-100 0.005 50
16 Pyroquilon 12.60 173.1 130.1 20 0.9992 1-100 0.002 40
17 Chlorothalonil 12.70 266.0 167.9 25 0.9991 1-100 0.01 50
18 Diazinon 12.70 304.1 179.1 11 0.9993 1-100 0.02 5
1.S. Anthracene-d;, 12.71 188.0 188.0 6 - - - -
19 Disulfoton 12.84 274.0 88.0 10 0.9996 1-100 0.04 4
20 Iprobenfos 13.16 204.1 91.0 10 0.9994 1-100 0.003 8
21 Bromobutide 13.50 232.1 176.1 20 0.9995 1-100 0.003 100
22 Terbucarb 13.50 220.0 205.0 10 0.9997 1-100 0.01 20
23 Tolclofos-methyl 13.64 267.0 252.0 20 0.9998 1-100 0.01 200
24  Alachlor 13.67 237.1 160.1 11 0.9995 1-100 0.02 10
25  Simetryn 13.76 213.1 170.1 10 0.9994 1-100 0.003 30
26 Metalaxyl 13.84 206.1 132.1 30 0.9994 2- 50 0.05 50
27 Dithiopyr 13.96 354.1 306.0 15 0.9995 1-100 0.01 9
28 Fenitrothion 14.12 277.0 260.0 11 0.9990 1-100 0.01 3
29 Esprocarb 14.28 222.1 91.1 10 0.9997 1-100 0.1 30
30 Malathion 14.35 173.0 127.0 7 0.9995 1-100 0.05 50
31 Chlorpyriphos 14.42 313.9 258.0 13 0.9996 1-100 0.05 30
32 Thiobencarb 14.44 257.1 100.0 9 0.9998 1-100 0.002 20
33 Fenthion 14.51 278.0 109.0 15 0.9997 1-100 0.003 1
34 TFthalide 14.67 242.9 214.9 15 0.9991 1-100 0.003 100
35 Pendimethalin 15.03 252.1 162.1 12 0.9995 1-100 0.01 100
36 Fipronil 15.17 366.9 213.0 25 0.9990 1-100 0.003 0.5
37 Dimethametryn 15.22 212.1 122.1 10 0.9993 1-100 0.01 20
38 Isofenphos 15.24 213.1 185.1 10 0.9996 1-100 0.01 1
39 Methyldymron 15.24 107.0 79.0 15 0.9990 1-100 0.05 30
40 Captan 15.33 149.0 79.0 15 0.9997 1-100 0.1 300
41 Phenthoate 15.35 274.0 246.0 10 0.9991 1-100 0.04 4
42  Procymidone 15.39 283.0 96.0 15 0.9997 1-100 0.1 90
43 Dimepiperate 15.40 119.0 91.0 10 0.9992 1-100 0.03 3
44 Methidathion 15.58 145.0 85.0 7 0.9995 1-100 0.01 4
I.S. 9-Bromoanthracene 15.76 256.0 256.0 6 - - - -
45 oEndosulfan() 1579  240.9  205.9 13 0.9999 1-100 0.05 10
46 Butamifos 15.94 286.1 202.1 15 0.9998 1-100 0.05 10
47 Napropamide 16.01 271.2 128.1 5 0.9997 1-100 0.01 30
48 Flutolanil 16.13 281.1 173.1 15 0.9997 1-100 0.004 200
49 Pretilachlor 16.17 262.1 202.1 15 0.9991 1-100 0.003 40
50 Isoprothiolane 16.20 290.1 118.0 15 0.9994 1-100 0.03 300
51 CNP-amino 16.41 287.0 108.0 10 0.9996 1-100 0.001 -
52 Buprofezin 16.44 305.2 175.0 15 0.9995 1-100 0.01 20
53 Isoxathion 16.67 313.1 177.0 15 0.9993 2- 50 0.01 8
54 B-Endosulfan(I)  16.88 240.9 205.9 13 0.9999 1-100 0.05 10
55 Mepronil 17.35 269.1 119.1 14 0.9995 1-100 0.01 100
56 Chlornitrofen(CNP)  17.46 317.0 287.0 10 0.9998 1-100 0.001 0.1
57 Edifenphos(EDDP)  17.57 310.0 173.0 10 0.9995 1-100 0.05 6

58 Endosulfan-sulphate  17.59 271.9 236.9 13 0.9996 1-100 0.05 10
59-1 Propiconazole-1 17.64 259.0 69.0 15 0.9996 1-100 0.05 50
59-2 Propiconazole-2 17.74 259.0 173.0 15 0.9996 1-100 0.05 50

60 Thenylchlor 17.87 288.1 141.0 15 0.9990 1-100 0.02 200
61 Pyributycarb 18.37 165.1 108.1 10 0.9996 1-100 0.02 20
62 Pyridaphenthion 18.47 340.1 199.0 10 0.9990 2- 50 0.02 2
63 Iprodione 18.50 314.0 245.0 11 0.9995 1-100 0.02 300
I.S. Chrycene-d;, 18.55 240.0 240.0 6 - - - -
64 EPN 18.61 169.0 141.0 10 0.9997 1-100 0.05 6
65 Piperophos 18.69 320.1 122.0 10 0.9995 1-100 0.009 0.9
66 Anilofos 18.92 226.0 125.0 15 0.9990 2- 50 0.03 3
67 Bifenox 18.94 341.0 310.0 15 0.9990 2- 50 0.1 200
68 Pyriproxyfen 19.43 136.1 96.0 15 0.9998 1-100 0.01 300
69 Mefenacet 19.44 192.1 136.0 15 0.9994 1-100 0.002 20
70 Cafenstrole 20.80 100.0 72.0 5 0.9990 1-100 0.005 8
71 Ethofenprox 21.56 163.1 107.0 16 0.9995 1-100 0.05 80
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Fig. 3 Typical PTV-GC/MS/MS SRM and GC/MS SIM
chromatogram of Piperophos after solid phase
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Upper panel: SRM monitor ion; m/z320.1—m/z122.0
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Fig4 PTV-GC/MS/MS SRM chromatogram of 71 pesticides
after solid phase extraction
Pesticides concentration in water : 10ng/L
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Table 4 Recovery (R) of each individual pesticide added to water samples

Pesticides Ditilled water” ~ Raw water” Pesticides Ditilled water” ~ Raw water”
R%) CV(%) R(%) CV(%) R(%) CV(%) R(%) CV(%)

1 Dichlorovos 95.9 3.1 95.5 3.2 38 Isofenphos 95.2 2.9 95.1 3.1
2 Dichlobenil 98.3 2.3 98.1 2.5 39 Methyldymron 95.9 24 95.4 2.5
3 Etridiazole 99.1 2.2 99.1 2.3 40 Captan 89.9 3.1 89.3 3.2
4 Trichlorofon 979 54 97.8 5.5 41 Phenthoate 92.3 2.2 91.1 24
5 Chloroneb 99.3 3.2 99.2 3.3 42 Procymidone 92.1 2.4 91.1 2.5
6 Isoprocarb 949 2.1 94.8 2.2 43 Dimepiperate 914 2.6 90.3 2.8
7 Molinate 99.8 1.9 99.1 2.3 44 Methidathion 92.1 2.7 92.1 2.7
8 Fenobucarb 98.3 2.1 979 2.5 1.S. 9-Bromoanthracene

9 Trifluralin 101 1.8 101 2.1 45 aEndosulfan()  90.9 2.7 90.1 29
10 Benfluralin 102 2.2 101 2.4 46 Butamifos 90.3 2.5 90.2 2.6
11 Pencycuron 99.3 2.9 99.1 3.1 47 Napropamide 95.7 1.9 95.1 2.1
12 Dimethoate 89.9 3.1 89.3 3.3 48 Flutolanil 99.8 2.1 99.1 2.3
13 Simazine 97.8 1.7 97.7 2.1 49 Pretilachlor 101 2.8 999 29
14 Atrazine 98.8 1.9 98.5 2.1 50 Isoprothiolane 102 2.6 99.8 2.8
15 Propyzamide 96.9 2.1 96.8 2.2 51 CNP-amino 95.1 4.1 95.1 4.2
16 Pyroquilon 99.1 2.2 99.1 2.6 52 Buprofezin 89.9 3.8 88.9 3.9
17 Chlorothalonil 97.8 1.7 97.6 2.1 53 Isoxathion 90.7 3.7 90.1 3.8
18 Diazinon 101 1.9 999 22  54B-Endosulfan(Il) 905 3.8 905 3.9
I.S. Anthracene-d;, - - - - 55 Mepronil 98.9 3.6 98.2 3.7
19 Disulfoton 735 6.9 70.1 7.1 56 Chlornitrofen(CNP) 93.9 3.2 93.6 3.3
20 Iprobenfos 96.9 2.1 96.7 2.2 57 Edifenphos(EDDP) 96.8 2.8 96.7 3.1
21 Bromobutide 99.9 1.6 99.7 1.8 58 Endosulfan-sulphate 90.3 3.2 90.1 34
22 Terbucarb 97.9 1.7 97.5 2.1 59-1Propiconazole-1 90.9 2.9 90.6 3.1
23 Tolclofos-methyl 102 2.1 101 2.2 59-2Propiconazole-2 93.9 2.8 93.6 3.2
24 Alachlor 101 1.9 99.9 2.3 60 Thenylchlor 89.9 2.5 89.6 2.9
25 Simetryn 99.2 1.4 984 1.6 61 Pyributycarb 90.3 2.8 90.1 3.1
26 Metalaxyl 98.9 1.9 98.1 2.1 62 Pyridaphenthion 88.9 2.9 88.8 3.3
27 Dithiopyr 96.9 2.1 96.8 2.2 63 Iprodione 95.3 2.5 95.1 34
28 Fenitrothion 98.9 22 98.6 2.5 L.S. Chrycene-d;,

29 Esprocarb 95.8 1.9 95.1 2.8 64 EPN 88.9 3.1 88.8 3.3
30 Malathion 98.1 1.8 98.1 2.7 65 Piperophos 93.1 3.8 93.2 3.9
31 Chlorpyriphos 98.7 1.7 98.8 2.3 66 Anilofos 90.3 2.8 90.4 3.1
32 Thiobencarb 98.1 2.1 979 2.4 67 Bifenox 92.2 29 919 3.3
33 Fenthion 99.5 2.2 99.5 2.5 68 Pyriproxyfen 90.1 3.1 90.1 3.4
34 Fthalide 999 1.7 99.6 2.1 69 Mefenacet 87.9 3.2 87.5 3.3
35 Pendimethalin 102 3.1 101 3.3 70 Cafenstrole 88.9 3.1 88.8 3.2
36 Fipronil 98.7 2.1 98.6 2.3 71 Ethofenprox 89.2 2.9 88.6 3.2

37 Dimethametryn 94.7 3.2 94.6 3.3
Spiked concentration: 0.1ng/L, R: recovery, CV: Coefficient of variation (n=3)
a) pH6.8, SS<0.1mg/L. b) pH7.0, SS=2.5mg/L

Table 5 Concentration levels of pesticides in raw water

Pesticides Bromobutide Chloroneb Flutolanil Propyzamide Pyroquilon
Conc. Freq. Conc. Freq. Conc. Freq. Conc. Freq. Conc. Freq.
Water sources (ng/L) (ng/L) (ng/L) (pg/L) (pg/L)
Max. N.D. N.D. N.D. N.D. N.D.
River water 3/10 0/10 1/10 1/10 1/10
Min.  0.250 N.D. 0.010 0.016 0.026
Max. 0.031 N.D. N.D. N.D. N.D.
Lake water 2/2 0/2 0/2 0/2 0/2
Min. 0.044 N.D. N.D. N.D. N.D.
Max. N.D. N.D. N.D. N.D. N.D.
River bed water 0/2 1/2 0/2 0/2 0/2
Min. N.D. 0.068 N.D. N.D. N.D.
Max. N.D. N.D. N.D. N.D. N.D.
Shallow well 1/12 2/12 0/12 0/12 0/12
Min.  0.104 0.031 N.D. N.D. N.D.
Max. N.D. N.D. N.D. N.D. N.D.
Deep well 0/4 0/4 0/4 0/4 0/4
Min. N.D. N.D. N.D. N.D. N.D.
Max. N.D. N.D. N.D. N.D. N.D.
Total 6/30 3/30 1/30 1/30 1/30
Min.  0.250 0.068 0.010 0.016 0.026

Sampling date: June 22, 2010 & October 19, 2010
*: Determination limits is shown in Table 2, Conc.: concentration, Freq.: frequency
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